Introduction
HIV-associated classical Hodgkin lymphoma (HIV-cHL) is a serious complication of HIV. As with Kaposi sarcoma and non-Hodgkin lymphomas (NHLs), cHL risk is substantially elevated by HIV infection. However, unlike those tumors, HIV-cHL does not confer a diagnosis of AIDS. HIV-cHL may present with extranodal involvement that can lead to life-threatening organ dysfunction. Nonetheless, outcomes comparable to those seen in the general population are possible with standard curative-intent therapy and modern combination antiretroviral therapy (cART). In this article, we discuss the epidemiology, pathobiology, and clinical management of HIV-cHL.
Medscape Continuing Medical Education online
This activity has been planned and implemented in accordance with the Essential Areas and policies of the Accreditation Council for Continuing Medical Education through the joint providership of Medscape, LLC and the American Society of Hematology. Medscape, LLC is accredited by the ACCME to provide continuing medical education for physicians. Medscape, LLC designates this Journal-based CME activity for a maximum of 1.0 AMA PRA Category 1 Credit(s)™. Physicians should claim only the credit commensurate with the extent of their participation in the activity. All other clinicians completing this activity will be issued a certificate of participation. To participate in this journal CME activity: (1) review the learning objectives and author disclosures; (2) study the education content; (3) take the post-test with a 75% minimum passing score and complete the evaluation at http://www.medscape.org/journal/blood; and (4) view/print certificate. For CME questions, see page 1355. Disclosures The authors, Associate Editor Jacob M. Rowe, and CME questions author Laurie Barclay, freelance writer and reviewer, Medscape, LLC, declare no competing financial interests. was 140 cells per mm 3 . He commenced tenofovir, lamivudine, and ritonavir-boosted atazanavir for HIV, as well as trimethoprim/ sulfamethoxazole for Pneumocystis pneumonia prophylaxis. He had no history of opportunistic infections (OIs). 18 Fluorodeoxyglucose ( 18 FDG) positron emission tomography (PET) revealed 18 FDG uptake in lymph nodes and bones ( Figure 2A ). He had advanced-stage, unfavorable disease (stage IVB and International Prognosis Score of 4 based on gender, stage, hemoglobin level of 10 mg/dL, and albumin level of 2.0 mg/dL). He received doxorubicin, bleomycin, vinblastine, and dacarbazine (ABVD) with pegfilgrastim and continued cART. His first cycle was complicated by grade 4 neutropenic fever lasting 2 weeks. During subsequent cycles, vinblastine and dacarbazine were dose reduced by 50%. Additionally, there were dose delays during several cycles due to neutropenia, and the patient developed grade 2 neuropathy. 18 FDG-PET after 2 cycles showed uptake in the left axilla. A biopsy sample taken in response to a solitary radiographic lymph node abnormality after 6 28-day cycles showed reactive changes. He completed 8 cycles and achieved a complete response (CR). After therapy, CD4
1 count was 173 cells per mm 3 . Twelve months after completing chemotherapy, a new axillary lymph node was palpated. Computerized tomography (CT) revealed a 2.5-cm axillary lymph node and other new, smaller lymph nodes. Excisional biopsy revealed recurrent EBV-positive (EBV 1 ) cHL lymphoma, MC subtype. CD4 1 count was 145 cells per mm 3 and HIV viral load remained undetectable. 18 FDG-PET revealed no extranodal disease ( Figure 2D ). We reasoned that drug-drug interactions between HIV protease inhibitor (PI)-based therapy and vinblastine complicated his initial treatment, and that although he had recurrent disease at 12 months, it was likely chemosensitive owing to initial response despite prior dose reductions and cycle delays. Therefore, to reduce drug-drug interactions, we modified his cART, replacing ritonavir and atazanavir with efavirenz. Given his prior intolerance to therapy, we elected to employ dose-adjusted etoposide, doxorubicin, vincristine, cyclophosphamide, prednisone, and filgrastim rather than conventional cHL salvage. We anticipated that vincristine would be less affected by efavirenz than would be the case with vinblastine, and that dose intensity could be adjusted based on the prior cycle. Due to the low-dose prolonged infusions, we anticipated minimal cardiac toxicity from additional doxorubicin. After 2 cycles, CT showed no disease, and he proceeded to autologous stem cell transplant (auto-SCT) following carmustine, etoposide, cytarabine, and melphalan conditioning. CD4 1 count 3 months posttransplant was 186 cells per mm 3 . The patient has been followed on cART for 7 years with no relapse, undetectable HIV with CD4
1 count rising to .500 cells per mm 3 , and resolution of his neuropathy.
Epidemiology cHL in patients with HIV
cHL incidence is approximately 50 per 100 000 person-years among HIV-infected individuals, fivefold to 20-fold higher than in the background population.
1-4 Nodular lymphocyte-predominant HL does not have an established association with HIV, although cases in HIV-infected people have been noted. 3 Unlike HIVassociated NHL (HIV-NHL), in which incidence decreased by 50% after introduction of cART (mainly owing to decreases in immunoblastic histologic types), 5, 6 HIV-cHL risk has remained stable and burden of disease has increased. 2, 6, 7 In the United States, cHL follows NHL, Kaposi sarcoma, lung cancer, and anal cancer as the fifth commonest tumor in the setting of HIV. 6 The median age of 40 to 44 years, which after correcting for age distribution of the at-risk population, is older than that of the general population. 8 Indeed, in the United States, 14% of the cHL cases in this age group are HIV associated. Between 2000 and 2010, a large proportion of cHL in African Americans (17%) and Hispanics (10%) was attributed to HIV, 3 reflecting shifting demographics of the HIV epidemic in the United States. In Johannesburg, South Africa, where HIV seroprevalence is 20% in young adults, 60% of cHL cases are HIV related. 9 As with NHL, 10-13 over time there has been a pathobiological shift in cHL subtypes in patients with HIV. Prior to cART, MC was the commonest subtype. [14] [15] [16] [17] In the cART era, likely due to improved immunity among HIV-infected populations, 2 the nodular sclerosis subtype now accounts for nearly 50% of cases.
3

CD4
1 counts, initiation of cART, and HIV-cHL
The association between HIV-cHL and CD4 1 count is complex.
Median CD4
1 count at cHL diagnosis is between 150 and 250 cells per mm 3 ; however, HIV-cHL risk is elevated at all CD4 1 counts. 2, 4, 13 Additionally, besides being a manifestation of untreated HIV, lymphocytopenia is also a common manifestation of cHL. 18 In case-control studies of HIV patients matched for clinical 1 count may be a heralding event of HIV-cHL. 4, 20 The period of highest risk of HIV-cHL diagnosis is in the months after initiating cART. [19] [20] [21] [22] Data from a large US Department of Veterans Affairs cohort suggest that the incidence may be as high as 250 per 100 000 person-years during the first year of cART, with a slow decline over 10 years with controlled HIV, and a substantially lower risk thereafter. 21, 23 It has been speculated that a certain amount of immune competence is required for cHL to develop. Alternatively, with cART initiation and control of HIV viremia, an inflammatory condition may occur that promotes or unmasks existing cHL. 24 It is not possible to identify those destined to develop HIV-cHL on the basis of CD4 1 dynamics alone. 23 Vigilance for inflammatory, infectious, and malignant etiologies of immune reconstitution syndromes in all HIV patients initiating cART is recommended. Prompt evaluation may lead to improved outcomes.
Pathobiology
Hodgkin Reed-Sternberg (HRS) cells, which make up a minority of tumor cells in cHL, are clonal, mature B cells that express activation markers CD15 and CD30. [25] [26] [27] [28] Distinct histologic patterns in the inflammatory background form the basis for cHL subcategorization. In HIV-cHL, HRS cells are usually EBV
1
. These EBV-infected HRS cells exhibit a type II latency pattern in which expression of EBV-encoded genes is largely limited to Epstein-Barr nuclear antigen 1 and latent membrane proteins (LMP1, LMP2A, LMP2B). By in situ staining for EBV-encoded small RNA, up to 80% of nodular sclerosis and MC HIV-cHL cases are EBV-associated compared with ,40% of non-HIV-cHL. 16 ,26,29 EBV-encoded genes modulate cellular signaling pathways and contribute to pathogenesis. For example, LMP1 25, 28, 30, 31 is a constitutively active homolog of CD40 that upregulates nuclear factor-kappa B signaling and is essential for B-cell transformation in vitro, 32 whereas LMP2A mimics B-cell receptor signaling and also contributes to proliferation. 33 Epstein-Barr nuclear antigen 1 appears to influence cytokine networks by stimulating the production of chemokines such as CXCL10 and CCL20, 34, 35 thus attracting T-regulatory cells and inhibiting an immune response against the EBV 1 cells.
Gene expression profiling has informed the pathogenetic role of the tumor microenvironment in EBV 1 cHL. 43 HIV itself may influence the nodal microenvironment and the CD4 
CD4
1 T cells by HRS secretion of CCL17 is a provocative possibility,
but as yet, the associations with EBV-infected HRS remain unclear. 44, 45 Tumor infiltrating macrophages (TAMs), recruited in association with CD115 expression by HRS cells, 37 are increasingly recognized as important in the pathophysiology of cHL. [46] [47] [48] TAMs are prominent in EBV-associated cHL, 47, 48 including HIV-associated cases. Interestingly, the number of TAMs in HIV-cHL does not appear to differ significantly with cART, 39 which, among other factors, may help explain why HIV-cHL risk does not appear to be substantially reduced by cART. 42 
Management
Clinical presentation, diagnosis, and staging HIV-cHL often presents with advanced disease. Extranodal sites of disease, including bone marrow, liver, and spleen, as well as B symptoms are more common compared with the background population 16, 49 and can occur in the absence of enlarged lymph nodes. Diagnosis is established with biopsy samples of involved tissue, usually a lymph node. HRS cells are identified by morphologic characteristics, and immunostaining demonstrates them to be CD15 1 , CD30 1 . PAX5-positive and EBV-encoded small RNA-positive HRS cells support the diagnosis. Clinical evaluation includes a history and physical, complete blood count with differential, albumin level, liver and kidney function, baseline pulmonary function test for patients undergoing bleomycin-containing regimens, and 18 FDG-PET with integrated or concurrent CT of the neck, chest, abdomen, and pelvis. 50 18 FDG-PET must be interpreted with caution because HIV viremia and certain OIs can cause 18 FDG-avid nodes. [51] [52] [53] Although not validated in the setting of HIV-cHL, 18 FDG-PET is both sensitive and specific for detecting bone marrow involvement in cHL. Revised cHL staging criteria recommend omitting the bone marrow biopsy in non-HIV-cHL, 54 and we recommend omitting it in most HIV-related cases as well. Nonetheless, bone marrow biopsy may be diagnostically useful in patients with cytopenias, because employing Occam's razor to unify the clinical findings within a single diagnosis can lead to missed diagnoses in HIVinfected patients. For example, reactive hemophagocytic lymphohistiocytosis in HIV-infected patients can be attributed to HIV-cHL in up to 20% of cases, 55 and bone marrow biopsy in this setting can provide important information about the etiology of cytopenias. In the absence of specific risk stratification for HIV-cHL, patients should be classified as having early favorable, early unfavorable, or advanced disease using criteria for non-HIV-cHL.
Evaluation of HIV status and comorbidities
Given the high proportion of cHL attributed to HIV, we recommend asking all adults with cHL for permission to test for HIV during the initial clinical evaluation. Treating cHL in a patient with unrecognized HIV infection introduces undue risk, including treatmentrelated death, whereas treating cHL and known HIV allows for optimal management of both diseases.
Comorbid HIV has a broad spectrum of severity that requires evaluation during initial treatment planning. CD4
1 count, HIV viral load, and, in some cases, HIV genotyping are integral to this assessment. Additional HIV-specific medical history includes duration of infection, HIV treatment history and response to therapy as measured by CD4 1 count and HIV viral load, and complications of HIV or its therapy. The state of health prior to cancer development provides critical information. At the healthy end, with high CD4 1 count and undetectable virus, HIV may be nearly inconsequential for initial cHL management. At the opposite end, where there is HIV-drug resistance and advanced CD4 1 T-cell depletion, severe AIDS complications may render standard chemotherapy inadvisable. With improvements in HIV medicine, the latter scenario is increasingly rare, and it is essential that this determination be based on expert knowledge. Although many patients will have undetectable HIV viral loads when on cART, some will have HIV viremia resulting from either ineffective therapy or no therapy. Patients continue to be diagnosed with HIV/AIDS after presenting late to medical attention for a variety of reasons, including lack of access to care, social stigma, and fear. HIV diagnosis made during a malignancy evaluation often presents an opportunity to successfully engage such patients in medical care, as illustrated in the case presentation. Treatmentexperienced patients may have uncontrolled HIV viremia for several reasons. HIV mutations, especially in patients with a complex history of cART use, may confer resistance to one or more antiretroviral agents. These are sometimes found in de novo infection as well. HIV resistance affects short-term and long-term management and requires expert evaluation including HIV genotyping. 56 Lack of viral suppression due to cART nonadherence is important to recognize and address.
We evaluate degree of immunosuppression on the basis of CD4 Appropriate HIV therapy generally consists of an INSTI, NNRTI, or PI combined with 2 NTRIs, often in the form of a combination tablet. Potential drug-drug interaction considerations are underlined. *First choice antiretroviral agents in combination with chemotherapy regimens containing CYP3A4 substrates are those that are not metabolized via CYP3A4 system. -; no significant effect on CYP3A4 metabolism of other drugs. †Strong level of evidence (AI) in antiretroviral-naïve patients on the basis of randomized controlled trials; recommendations are in concordance with the Department of Health and Human Services Guidelines for the Use of Antiretroviral Agents in HIV-1-Infected Adults and Adolescents. 56 ‡Use of these second-choice options is somewhat more likely to be limited by potential drug-drug interactions during chemotherapy. §Contraindicated in combination with vinblastine and other chemotherapy drugs heavily dependent on CYP3A4 metabolism; they may be useful after completion of chemotherapy.
Anti-HBV, antibody to HBV; AST/ALT, aspartate aminotransferase/alanine aminotransferase; HLA, human leukocyte antigen; INSTI, integrase strand transfer inhibitor; NNRTI, nonnucleoside reverse-transcriptase inhibitor; NRTI, nucleoside reverse-transcriptase inhibitor; UGT1A1, uridine diphosphate glucuronosyltransferase 1 polypeptide A1.
than reflected in contemporary CD4
1 counts. We employ regular surveillance for treatment-related events (ie, infections, mucositis) and have a low threshold to initiate evaluation for infectious complications in all HIV-infected patients, particularly those with prior OIs or a current or nadir CD4 1 count of ,200 cells per mm 3 . We evaluate CD4 1 counts each cycle, then every 3 months for the first year following chemotherapy.
We screen for hepatitis B virus (HBV) and hepatitis C virus (HCV) with serology for hepatitis B surface antigen, antibody to hepatitis B core, antibody to hepatitis B surface antigen, and antibody to HCV. Patients with a positive hepatitis B surface antigen require an HBV viral load and treatment of HBV. We monitor persons who test positive for antibody to hepatitis B core closely for signs of liver disease. For positive HCV serology, we evaluate HCV RNA viral load. Sensitivity of HCV serology is suboptimal in HIV-infected patients, with 13% of seronegative patients having evidence of HCV on RNA testing. Therefore, HCV RNA testing is also advised in HCVseronegative patients with a history of intravenous drug use, aspartate aminotransferase/alanine aminotransferase abnormalities, and/or thrombocytopenia. 57 Given the advances in curative HCV therapy, we refer HCV-infected patients for treatment after completion of chemotherapy.
Primary chemotherapy for HIV-cHL
Historically, absent cART, long-term HIV-cHL outcomes were poor. As with HIV-NHL, low-dose chemotherapy strategies were sometimes used 58, 59 ; however, this method did not improve survival, and low-dose chemotherapy approaches are no longer appropriate. Adherence to chemotherapy dose and schedule in cHL therapy, even in the face of neutropenia (nonfebrile), is critical for optimizing the probability of cure for both non-HIV-cHL 60 and HIV-cHL. 61 High cure rates in HIV-cHL in the cART era have recently been demonstrated. The German HIV-related Lymphoma Study Group prospectively evaluated a stage-adapted approach. Patients with earlystage favorable disease received 2 to 4 cycles of ABVD and involvedfield radiation; patents with early unfavorable or advanced disease were largely treated with 6 to 8 cycles of standard BEACOPP (bleomycin, etoposide, cyclophosphamide, vincristine, procarbazine, and prednisone). Most received concurrent cART. The CR rates for patients with early favorable, early unfavorable, and advanced HIV-cHL were 96%, 100%, and 86%, respectively. The 2-year disease-free survival rate was 95% for early-stage disease and 89% for advanced-stage disease. The 2-year overall survival (OS) rate in the entire cohort was 90.7%. 62 However, BEACCOPP was toxic; dose reductions and delays were common, and treatment-related mortality was 7%. Our approach is to avoid BEACOPP in HIV-cHL, with the possible exception of responseadapted therapeutic escalation. This approach is consistent with treatment practice for non-HIV-cHL in the United States, where BEACOPP is generally viewed as more likely to contribute to late treatment-related myelodysplastic syndrome or leukemia. Likewise, concerns for late radiotherapy effects, such as secondary cancers and cardiovascular disease, are also important for HIV-infected patients, a population potentially more vulnerable to these effects.
Drug-drug interactions must be taken into consideration when managing HIV-cHL. In a retrospective analysis, 2 Spanish study groups found potentially life-threatening adverse events with coadministration of the HIV-PI ritonavir, the backbone of many commonly used PI-based cART regimens. Of 61 patients treated with ABVD and ritonavir-based cART, 10% died of treatment-related infections and 41% required dose delays. 63 Subsequently, ritonavir, through strong CYP3A4 inhibition, has been demonstrated to exert pharmacokinetic effects on vinblastine resulting in severe neutropenia and neuropathy. 64, 65 In contrast, a recent retrospective comparison of 93 HIV-infected and 131 HIV-unrelated patients treated with ABVD from 1997 to 2010 found similar outcomes in the 2 populations. What distinguishes this report from the previous is that 92% of HIV-infected patients received a PI-sparing cART regimen. Both groups received comparable cHL treatment. HIV-infected patients also received appropriate OI prophylaxis. Only 1 toxic death was noted among HIV-infected patents. Five-year disease-free survival and OS rates in HIV-infected vs uninfected patients, respectively, were 85% vs 87% 56 ‡Use of these second-choice options is somewhat more likely to be limited by potential drug-drug interactions during chemotherapy. §Contraindicated in combination with vinblastine and other chemotherapy drugs heavily dependent on CYP3A4 metabolism; they may be useful after completion of chemotherapy.
Anti-HBV, antibody to HBV; AST/ALT, aspartate aminotransferase/alanine aminotransferase; HLA, human leukocyte antigen; INSTI, integrase strand transfer inhibitor; NNRTI, nonnucleoside reverse-transcriptase inhibitor; NRTI, nucleoside reverse-transcriptase inhibitor; UGT1A1, uridine diphosphate glucuronosyltransferase 1 polypeptide A1. For personal use only. on April 15, 2017 . by guest www.bloodjournal.org From and 81% vs 88%, with no statistically significant differences between groups. HIV was not a predictor for OS after correcting for International Prognosis Score. 59 Taken together, we currently recommend treating HIV-cHL as one would treat non-HIV-cHL, with careful management of HIV. The optimal care for the patient with HIV-cHL should be guided by current approaches for early favorable, early unfavorable, and advanced disease in the non-HIV setting. Accordingly, in the United States, ABVD remains the general standard-of-care first-line therapy for both early and advanced non-HIV-cHL, and existing evidence, although limited, generally supports ABVD as a standard in HIV-cHL. 66, 67 For bulky stage I and II disease in non-HIV-cHL, radiotherapy is commonly employed; however, there is interest in reducing or eliminating radiotherapy for at least some of these patients, 68 and this treatment approach is the focus of ongoing National Cancer Institute (NCI)-sponsored trials. In our opinion, granulocyte colony-stimulating factors, 69 especially for patients with CD4
1 counts ,200 cells per mm 3 , should be used more liberally than in HIV-unrelated cases for which primary neutropenic fever prophylaxis is not recommended.
Approach to cART and supportive care
We either continue cART or initiate cART as early as possible when managing patients with HIV-cHL. This practice is informed by experience, because there are no prospective data to inform optimal timing of cART initiation in this setting. Available data raise the possibility of inadequate CR rates when concurrent cART is not employed. 59, [70] [71] [72] Nonetheless, when the only option is to use cART that negatively impacts the ability to administer curative-intent chemotherapy, we will defer cART until completion of treatment of HIV-cHL based on experience in treating HIV-NHL. 12, 73 With the increasing availability of antiretroviral agents and the option of several cHL regimens, this tactic has become increasingly unnecessary. In the setting of hepatic or renal dysfunction, we consider temporarily suspending or deferring cART to minimize polypharmacy. Drug-drug interactions may be particularly complicated in patients with low CD4 1 counts and concurrent infections requiring treatment or in those with limited cART options. For symptomatic patients with advanced HIV-cHL, starting chemotherapy as soon as possible is usually desired and often leads to improvement in both performance status and tumor-associated organ dysfunction. An appropriate cART regimen can be started after initial administration of ABVD. Occasionally, unanticipated adverse events occur when administering chemotherapy and concurrent cART. In such cases, we prioritize cHL in treatment decisions and avoid chemotherapy delays. If necessary, cART can be suspended. After chemotherapy, we may modify cART on the basis of patient and HIV-related factors. In addition to managing HIV, monitoring for OIs (especially oral candidiasis) and select use of OI prophylaxis (Table 1) are required in treating HIV-cHL. Optimal outcomes are fostered by collaborative teams with expertise in infectious disease, pharmacology, social support, and patient education. Additional specialists may be required.
A basic principle we follow is to eliminate, where possible, concomitant medications (including antiretroviral drugs) that constrain the ability to administer full-dose and on-schedule chemotherapy for cHL. Facilitating this approach are more than 35 US Food and Drug Administration-approved antiretroviral drugs and combined-pill combinations (Table 2) . Regimens generally include a 3-drug combination of 2 NRTIs and 1 drug from another class. We avoid older NRTIs due to their excess toxicity and believe that ritonavir, used alone or as a pharmacologic booster, and other strong CYP3A4 inhibitors such as cobicistat are essentially contraindicated for coadministration during ABVD. We also avoid other PIs due to CYP3A4-inhibitory properties. 61 Preferred cART regimens have minimal expected CYP3A4 effects and employ agents with low stand-alone toxicity. At present, a regimen of an integrase strand transfer inhibitor (dolutegravir or raltegravir) or certain nonnucleoside reverse transcriptase inhibitors (rilpivirine) along with an NRTI combination of emtricitabine and tenofovir (Truvada) or abacavir and lamivudine (Epzicom), is likely to have minimal clinically relevant adverse effects on cancer therapy for HIV-cHL. Additional regimens are feasible but require consideration of agents or combinations not listed in Table 2 . In patients treated with cART, adherence should be assessed each cycle. We use a simple 7-day recall tool 74, 75 that entails asking the number of missed cART doses over the last 7 days. For those reporting less than 100% adherence, evaluation of the underlying reasons for nonadherence is required. We recommend HIV viral-load monitoring at each cycle until viral suppression is documented in patients initiating or changing cART and in patients with possible nonadherence.
Treatment of relapsed and refractory HIV-cHL
The standard of care for relapsed cHL in HIV-uninfected patients is salvage therapy followed by high-dose chemotherapy and auto-SCT. HIV-infected patients have been shown to successfully undergo this modality. [76] [77] [78] [79] Treatment-related mortality is 3% to 5% across several conditioning regimens, and long-term outcomes in reported series appear comparable to HIV-negative patients. [76] [77] [78] [79] [80] It is unclear whether late toxic events, such as secondary myelodysplastic syndrome, are different than in the background population. 79 We continue to individualize relapsed therapy according to the treatment history. The case presented here illustrates this philosophy. Currently, 2 clinical trials being conducted by the Blood and Marrow Clinical Trials Network (cosponsored by the NCI and the National Heart, Lung, and Blood Institute) for HIV-infected patients with hematologic cancers should be strongly considered for a patient such as the one highlighted here. One trial is evaluating auto-SCT; the other, allotransplant using preferentially (but not required) homologous CCR5-D32 HIV coreceptor donors, possibly rendering the new immune system impervious to HIV. These studies will provide feasibility data and insights into transplant options for HIV-cHL and other hematologic malignancies. Insights may also be gained into HIV reservoirs important toward efforts in HIV eradication. Given the near-universal EBV association, we consider performing allogeneic donor searches early for patients with relapsed or refractory HIV-cHL to expedite potential enrollment in allotransplant studies.
Future directions
Ongoing efforts to decrease toxicity and improve survival in non-HIVcHL and HIV-cHL are likely to lead to therapeutic advances for both populations. We strongly recommend inclusion of HIV-cHL patients in clinical trials of novel agents and allogeneic transplant to promote advances in the field. 81 In HIV-cHL, it is not yet possible to identify those for whom ABVD is likely to fail. Improved prognostic and predictive markers are needed. Response-adapted therapy on the basis of early 18 FDG-PET findings has been the subject of recent study in non-HIV-cHL. Negative and positive interim 18 FDG-PET scans after 2 cycles of ABVD in advanced-stage non-HIV-cHL have been associated with 95% and 12% 2-year progression-free survival rates, respectively. [82] [83] [84] The 18 FDG-PET results can be falsely positive in HIV, sometimes necessitating confirmation of positive findings. Cycle-1 negative PET scan results may be even more useful in identifying those for whom more limited therapy can be given. 85 Although FDG-PET imaging in HIV-cHL has not been validated, preliminary data suggest a high negative predictive value. 86 Potentially increased falsepositive rates in HIV-cHL may lead to less useful predictive values for positive interim scans. Therefore, strategies using negative 18 FDG-PET results for treatment reduction may be the more fruitful research undertaking in HIV-cHL.
Novel therapeutics in primary and second-line cHL therapy is an area of active investigation. Brentuximab vedotin, a CD30-directed immunoconjugate of the antimitotic agent monomethyl auristatin E was approved by the US Food and Drug Administration for refractory cHL. 87 Phase 3 studies evaluating the combination of brentuximab vedotin, doxorubicin, vinblastine, and dacarbazine 88 as upfront therapy are underway in non-HIV-cHL. The AIDS Malignancy Consortium in collaboration with the NCI Cancer Therapy Evaluation Program is also testing this combination in HIV-cHL (NCT01771107). It is hopeful that outcomes of these studies will advance therapy regardless of HIV serostatus. Many additional immune modulatory (ie, checkpoint inhibition with antiprogrammed-death 1 agents) and epigenetic approaches are currently being evaluated in cHL. Advances in these areas and improved understanding of disease biology will likely lead to future paradigm shifts in both non-HIV-cHL and HIV-cHL. 
